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FOREWORD 

ALTHOUGH BEING "CHILLED-TO-THE-BüNE"   IN COLD-WET ENVIRONMENTS HAS 

LZT.LL COMMONLY E XPERI E NC ED, THE  FACTORS RESPONSIBLE FOR THE COLD STRESS 

HAVE  NOT  BEEN  IDENTIFIED.    A  PREVIOUS  INVESTIGATION WAS UNDERTAKEN TO 

DETERMINE  THE  EXTENT   TO WHICH VARIOUS HUMIDITIES ALTFRED BOUY COOLING 

OF  NUDE  MEN DURING EXPOSURE  TO CONDITIONS CONSIDERED TO BE   IN THF  COLD- 

VET  RANGE.    RESULTS  SHOWED THAT  THERE WAS  NO EFFECT OF HUMIDITY ON THE 

PHYSIOLOGICAL RESPONSES MEASURED.  THEREFORE, THE PRESENT STUDY WAS UNDER- 

TAKEN TO DETERMINE WHETHER THERE WAS AN INTERACTION BETWEEN CLOTHING AND 

HUMIDITY WHICH MIGHT PROVIDE A BASIS FOR "COLD-WET" CHILL. 
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ABSTRACT 

Six HEALTHY YOUNG HEN WERE EXPOSED,  LIGHTLY CLOTHED,  TO VARIOUS COM- 

BINATIONS   OF  WIND   (<  1    AND   10   MPH),   TEMPERATURE   {kO   AND 5°°^)    *N0  RELATIVE 
HJI'IDITY  (30  AND   100^).     SKIN  AND RECTAL   TEMPERATURES  AND OXYGEN CONSUMP- 

TION  WERE   RECORDED.      THE   RESULTS   SHOW   THAT   RELATIVE   HUMIDITY   H«.D   NO   EPFECT 
ON   THE   PHYSIOLOGICAL   RESPONSES   MEASURED,   WHEREAS  WIND   AND   bRY   BULB   TEM- 
PERATURE   HAD   MARKED   EFFECTS.      THIS   FOLLOWS   THE   PATTERN   SEEN  WHEN   MEN   WtRt 
EXPOSED  WITHOUT   CLOTHING,    AND   INDICATES   THAT,    UNDER   CHAMBER   CONDITIONS, 
THERE    IS   LITTLE    INTERACTION   BETWEEN   CLOTHING   AND   HUMIDITY   THAT   COULP   AC- 
COUNT   FOR   COLO-WET   "CHILL".      THE    IMPORTANCE   OF   CONSIDERING   RADI>TION    IN 
ANY   COMPARISON   OF   COLD-WET   AND   COLO-DRY   ENVIRONMENTS   IS   DISCUSSED. 

IV 



EFFECTS OF HIGH AND LCW HUMIDITY ON HEAT EXCHANGES OF LIGHTLY CLOTHED MEN 

INTRODUCTION 

VARIOUS WORKERS (l, 2) HAVE INVESTIGATED THE EFFECTS OF HIGH HUMIDITY 

AND   LOW   AMBIENT   TEMPERATURES   ON   THE   HEAT   EXCHANGES   OF   NUDE   MEN   DURING   ACUTE 

EXPOSURES.  THE RESULTS OF A RECENT STUDY FROM THIS LABORATORY (l) SHOWED 
THAT THE PHYSIOLOGICAL AND SUBJECTIVE RESPONSES OF NUDE MEN WERE SIMILAR 

TURING EXPOSURE TO HIGH AND LOW .HUMIDITY CONDITIONS, I.E., THERE WAS LITTLE 

EVIDENCE FOR THE SENSATION OF BEING MORE "CHILLED" DURING EXPOSURE TO CON- 

DITIONS WHICH ARE FREQUENTLY REFERRED TO AS "COLD-WET". WE SUGOESTET^ AS 

DID OTHERS (2), THAT IT WAS NECESSARY TO STUDY THE RESPONSES OF THE CLOTHED 

MAN BEFORE RULING OUT A PHYSIOLOGICAL BASIS FOR COLD-WET SENSATIONS. 

THE PURPOSE OF THE PRESENT STUDY WAS TO DETERMINE WHETHER LIGHTLY 

CLOTHED MEN WOULD EX. IBIT DIFFERENCES IN THEIR PHYSIOLOGICAL RESPONSES WHEN 

EXPOSED TO COLD WITH LOW AMD HIGH HUMIDITIES. THESE DIFFERENCES, IF THEY 

OCCURRED, COULD THEN PROVIDE A PHYSIOLOGICAL BASIS FOR THE INCREASED SENSA- 

TION OF "CHILL" ON COLD-WET DAYS. 

2.  EXPERIMENTAL DESI GN 

SLX HEALTHY YOUNG SOLDIERS, LIGHTLY CLOTHED,* WERE EXPOSED IN A 

CHAMBER TO VARIOUS COMBINATIONS OF THE FOLLOWING: 

DRY BULB: 50 AND 1»0
O
F 

RELATIVE HUMIDITY: 100 AND 3°/^ 
WINDSPEED:  10 AND < 1 MPH 

ALL HEN WERE SIMULTANEOUSLY EXPOSED TO A GIVEN SET OF CONDITIONS AND THE 

ORDER OF CONDITIONS WAS RANDOMIZED (TABLE 1). EXPOSURE TO EACH SET OF 

CONDITIONS WAS FOR TWO HOURS; EXPOSURE WAS PRECEDED BY A ONE-HOUR CONTROL 

PERIOD AT 78JF, 50^ R.H. THE SUBJECTS RESTE' QUIETLY (SEMI-RECLINING 

POISTION) DURING BOTH CONTROL AND EXPOSURE PERIODS. THE DAILY SCHEDULE 

IS SHOWN IN TABLE II. THE EXPERIMENT WAS CONDUCTED DURING THE MONTH or MAY. 

THE FOLLOWING MEASUREMENTS WERE MADE: SKIN TEMPERATURE, RECTAL TEM- 

PERATURE (TR), AND OXYGEN CONSUMPTION (VQO). DETAILS or METHODS ARE GIVEN 
ELSEWHERE (l). THE SAME SHORTHAND NOTATION FOR DESCRIBING ENVIRONMENTAL 

CONDITIONS WILL BE USED (l), E.G., 40/30/10 SIGNIFIES DRY BULB TEMPERATURE 
140°F, RELATIVE HUMIDITY ^0%,    AND WINDSPEED 10 MPH.  COMPARISON OF THE 
PHYSIOLOGICAL RESPONSES TO THE VARIOUS CONDITIONS WAS MADE BY ANALYSIS OF 
VARIANCE (3). 

*COTTON UNDERSHORTS, COTTON T-SHIRT, LOW QUARTER SHOES, SOCKS, COTTON 
SHIRT, AND COTTON TROUSERS. 



TABLE   I:    EXPECTED AND ACTUAL CHAMBER CONDITIONS 

DAY 

1 2 3 k 5 6 

KXPECTED 
ACTUAL 

50.0 
50.0 

4o.o 
1*0.0 

1*0.0 
1*0.0 

DRY BULB, "F. 
50.0  1*0.0 
50.0  1*0.0 

50.0 
50.0 

50.0 
50.0 

1*0.0 
1*1.0 

EXPECTED 
ACTUAL 

.38.7 
39.0 

39.1* 
1*0.0 

39.1* 
1*0.0 

WET BULB,
0
F. 

»»9.3  31.1 
50.0  32.0 

1*9.3 
50.0 

38.7 
39-0 

31-1 31.8 

EXPECTED 
ACTUAL 

30 
32 

95 
100 

RELATIVE HUMIDITY, 

95   95    30 
100  TOO   37 

% 
95 
100 

30 
32 

30 
30 

EXPECTED 
ACTUAL 

2.8 
3.0 

6.0 
6.3 

VAPOR PRESSURE, MM 
6.0   8.8   1.9 
6.3   9-2   2-3 

Ho 
8.8 
9-2 

2.6 
3.0 

1.9 
2.0 

EXPECTED 
ACTUAL 

10 
10 

10 
10 

< 1 
< 1 

WlNOSPEED, MPH 
10      < 1 
10      < 1 

< 1 
< 1 

< 1 
< 1 

10 
10 

TABLE  II:    DAILY SCHEDULE 

TIME 
HOURS PROCEDURE 

2300 RETIRE FOR NIGHT 

073O-08OO ARISE, ABLUTIONS 

080O-OB30 REPO.IT TO CONTROL  CHAMBER,  PUT ON SKIN 
TEMPERATURE HARNESS AND RECTAL CATHETER; 
PUT ON CLOTHING WHICH HAS BEEN CONDI- 
TIONED IN THE CONTROL CHAMBER OVERNIGHT, 
NO SMOKING ALLOWED. 

08304)900 REST QUIETLY (SEM-RECLINE)   IN CHAIRS 

0900-0930 CONTROL MEASURMENTS 

0930-0935 SUBJECTS WHEELED IN CHAIRS INTO TEST CHAMBER 

0935-1135 TEST MEASUREMENTS 

1135 END or TEST 
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FIGURE 1. AVERAGE CHANGE IN RECTAL TEMPERATURE or 6 MEN DUR- 
ING EXPOSURE TO COLO AND HIGH AND LOW HUMIDITIES 

3>  RESULTS 

A. RECTAL AND SKIN TEMPERATURES 

IN GENERAL, TR INCREASED DURJNG THE FIRST HOUR OF EXPOSURE AND 

FELL DURING THE SECOND HOUR (FLG. L). THE GREATEST INCREASE (0.8F
O
) WAS 

RECORDED DURING EXPOSURE TO THE MOST SEVERE CONDITIONS (40/-/IO) AND THE 

SMALLEST INCREASE (0.2F
0
) DURING EXPOSURE TO ONE OF THE MORE MILD CONDI- 

TIONS (50/100/< 1). AFTER 100 MINUTES OF EXPOSURE, TR WAS STILL ABOVE 
CONTROL VALUES IN MOST INSTANCES (FlG. l).  THE INCREMENT IN TR FROM 
CONTROL TO FEAK VALUE WAS TREATED STATISTICALLY; THE EFFECTS OF DRY BULB 
TEMPERATURE (F< .05) AND WINDSPEED (P< .01) ON TR WERE SIGNIFICANT. WHERE- 
AS HUMIDITY HAD NO EFFECT. 
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FIGURE 3. HEAT PRODUCTION OF 6 HEN DURING EXPOSURE TO 
COLD AND HIGH AND LOW HUMIDITIES 



MEAN WEIGHTED SKIN TEMPERAIURE (TMS) FELL DURING ALL EXPOSURES (FIG. 2). 
THE DROP WAS MOST RAPID DURING THE FIRGT 3^ MINUTES (75-00^ OF THE TOTAL 
DROP IN TMS OCCURRED DURING THIS TIME), BECOMING MORE GRADUAL DURING THE 

REMAINDER OF THE EXPOSURE. EXAMINATION OF FIGURE 2 REVEALS THAT THE SKIN 

TEMPERATURE CURVES FOR HIGH OR LOW HUMIDITY EXPOSURES FOR A GIVEN SET ^F 

WIND AND TEMPERATURE CONDITIONS ARE VERY SIMILAR. THIS INDICATES THAT THERE 

IS NO CLEAR-CUT EFFECT OF HUMIDITY ON TMS. FIGURE 2 ALSO SHOWS THE MARKED 

EFFECTS OF WIND (P<.OL) AND THE LESS MARKED BUT SIGNIFICANT (P <.01 ) EFFECT 

OF DRY BULB TEMPERATURE ON TMS. 

a. HEAT PRODUCTION 

HEAT PRonucTioN, CALCULATED FROM VQ^,   INCREASED DURING ALL EXPO- 
SURES (FIG. 3)* 'IHE INCREASE OVER CONTROL VALUES RANGED FROM APPROXI- 

MATELY 5C$ (AT 50/-/'< 1) TO 25OJ6 (AT 40/-/10) AFTER 100 MINUTES EXPOSURE. 
AGAIN THERE WERE MARKED INCREASES IN HEAT PRODUCTION ASSOCIATED WITH THE 

HIGHER WINDSPEED AND LESS MARKED BUT HIGHLY SIGNIFICANT INCREASES ASSOCI- 

ATED WITH THE LOWER AMBIENT 'EMPERATURE. FIGURE 3 SHOWS NO EFFECT OF 

HUMIDITY ON HEAT PRODUCTION. IT IS INTERESTING THAT DURING ALL EXPOSURES 

AP?ROXIMATELY ^0%  OF THE TOTAL INCREASE IN HEAT PRODUCTUION OVER CONTROL 

VALUES OCCURRED WITHIN 15 MINUTES OF ENTERING THE COLD ROO'L. 

k.      DISCUSSION 

THIS STUDY WAS UNDERTAKEN TO DETERMINE WHETHER LACK OF CLOTHING WAS 

A FACTOR IN PREVIOUSLY REPORTED FAILURES TO DEMONSTRATE A PHYSIOLOGICAL 

BASIS FOR COLD-WET SENSATIONS IN NUDE MT. I (\ , 2).    THE RESULTS REVEALED A 

PATTERN OF RESPONSES VERY SIMILAR TO THAT REPORTED FOR NUDE HEN. THIS 

INDICATES THAT THERE IS NO IMPORTANT INTERACTION BETWEEN CLOTH■NG AND 
HUMIDITY THAT WOULD PROVIDE A PHYSIOLOGICAL BASIS FOR THE COLD-WET EXPERI- 

ENCE, RENBOURN CO ALSO WAS UNABLE TO DEMONSTRATE PHYSIOLOGICAL OR SUB- 

JECTIVE DIFFERENCES ATTRIBUTABLE Tü HUMIDITY WHEN CLOTHED MEN WERE EXPOSED 

FOR 100 MINUTES IN AN AMBIENT TEMPERATURE OF 36
0
F WITH RELATIVE HUMIDITIES 

OF 50 OR 85Ji. 

ALTHOUGH THE RESULTS OF STUDIES ON BOTH NUDE AND CLCTHED MEN FAILED 

TO PROVIDE A PHYSIOLOGICAL EXPLANATION FOR COLO-WET "CHILL", IT IS IMPOR- 

TANT TO RECOGNIZE THE LIMITATIONS OF CHAMBER STUDIES. AS WE HAVE ALREADY 

POINTED OUT (L), IT IS POSSIBLE THAT WC HAVE NOT ADEQUATELY COMPARED COLD- 

WET AND COLD-DRY CONDITIONS. ALTHOUGH WE HAVE ATTEMPTED TO SIMULATE WIND, 

DRY BULB, AND HUMIDITY CONDITIONS, WE HAVE NOT SIMULATED RADIATION OR PRE- 

CIPITATION.  EXTENSIVE CLOUD COVER AND LACK OF SOLAR RADIATION ARE CHARAC- 
TERISTIC OF COLD-WET ENVIRONMENTS, BUT THf SAME MAY NOT BE TRUE OF COLD- 
DRY CONDITIONS. THEREFORE, AN ADEQUATE COMPARISON MUST TAKE INTO CONSID- 

ERATION THE QUITE DIFFERENT RADIATION EFFECTS IN THE TWO ENVIRONMENTS. 
IN THIS STUDY AND OTHERS (1, 2, 4) WALL, CEILING, AND FLOOR TEMPERATURES 
WERE THE SAME AS AIR TEMPERATURE DURING EXPOSURE TO BOTH HIGH AND LOW 



HUMIDITY CONDITIONS.    THUS,  RADIATIVE LOSS FROM THF. BODY TO THESE SURFACES 

AT A GIVEN AMBIENT TEMPFRATURE WAS THE SAME WHETHER HUMIDITY WAS HIGH OR 

LOW.     IF THE DIFFERENCES  IN CLOUD COVER,   INDIRECT RADIATION,   AND SOLAR 

RADIATION BETWEEN COLD-WET AND COLD-DRV CONDITIONS WERE SIMULATED,   IT  IS 

POSSIBLE THAT DIFFERENCES  IN PHYSIOLOGICAL RESPONSES WOULD BECOME APPARENT. 

ANOTHER FACTOR TO BE CONSIDERED IS THAT DURING LABORATORY STUDIES ALL 

CONDITIONS (AMBIENT  ENVIRONMENT,   ACTIVITY LEVEL,  ETC.)   ARE KEPT CONSTANT 

AND AN EQUILIBRIUM OR STEADY STATE CONDITION IS APPROACHED.    IT IS HIGHLY 

UWL1KELY THAT SUCH A CONDITION WOULD BE APPROACHED IN ACTUAL FIELD SITU- 

ATIONS WHERE ACTIVITY LEVELS,  AMBIENT TEMPERATURE,  HUMIDITY,  ETC., MAY 

FLUCTUATE WIDELY.    SUCH FLUCTUATIONS COULD ALTER CONSIDERABLY THE PHYSIO- 

LOGICAL RESPONSES OF THE SUBJECTS. 
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